(Received for publication April 13, 1981) Antagonism of ten Streptomyces spp., five of which produce antibiotics, to the plant pathogens Rhizoctonia solani and Phytophthora megasperma var. sojae was studied. Antibiotic activity was detected in culture for the five antibiotic producers. S. griseus, S. hygroscopicu.s var. geldanus, and S. noursei produced wide zones of inhibition to R. solani and P. inegasperma var. sojae.
Similar activity was found for S. retieuli var. protomycicus to P. megasperma var. sojae.
S. cellulosae reduced Rhizoctonia root rot on pea when sterile soil was infested simultaneously with the antagonist and R. solani. S. hygroscopicus gave almost complete disease control when the streptomycete was added 7 days prior to infesting the soil with R. solani.
Several of the Streptomyces spp. reduced Phytophthora root rot on soybean when the streptomycetes were added to soil at the same time as P. megasperma var. sojae or 7 days prior to adding the pathogen. Streptomyces cellulosae and Streptomyces herbaricolor were maintained on glycerol-asparagine agar" because of their poor sporulation on yeast extract-malt extract agar. R. solani was maintained on glucose-yeast extract agar") and P. megasperma in either soybean broth or on V-8 agar #24811). Soybean broth was made by adding I soybean seed for each 10 ml of distilled water. shaker for 3 days. P. megasperma var. sojae inoculum was grown in soybean broth in stationary culture for 14 days at 26°C. The cultures were filtered, mycelium resuspended in sterile distilled water, and homogenized. Inoculum levels used to infest soil were 0.45 g and 0.15 g per pot, equivalent to about 600 g oven dry weight of soil, for R. solani and P. megasperma var. sojae respectively.
Streptomycete inocula were grown in tryptone-yeast extract broth"' on a reciprocal shaker for 48 hours at 26°C. Inoculum was prepared by centrifugation at 4,500 rpm (GSA rotor) for 10 minutes, decanting and the process repeated using sterile distilled water. Mycelium was suspended in sterile distilled water and homogenized. In all experiments 0.31 g of mycelium (wet weight) was used per pot.
The soil used in all experiments was a sterilized 3: 2 mixture of field soil and sand (v: v For experiments involving the incubation of the streptomycetes in soil prior to planting the seeds, the equivalent of 600 g oven dried soil was dispensed into a 1 liter Erlenmeyer flask and sterilized. Inoculum for each pot was added to the soil in the flask and shaken to infest the soil evenly. Sterile distilled water was added to bring the soil to 60 % of the water holding capacity and the flasks incubated at 26°C. All soils for a treatment were then combined and the soil treated as described earlier.
Emergence data were taken at weekly intervals following planting. Twenty-one days after planting, seedlings were removed and rated for disease severity. A 6 point disease severity index (DSI): (Table 2 ). However the amount of inhibition varied with the medium. On EMERSON'S agar wide zones of inhibition were produced by S. hygroscopicus var. geldanus, S. griseus, and S. noursei (Table 2) .
On PDA the same three species produced zones of inhibition. A small zone of inhibition was produced on PDA by S. coeruleofuscus. Least inhibition occurred on SEA with only S. hygroscopicus var. geldanus producing a large zone of inhibition (Table 2 ). S. phaeochromogenes produced a small zone of inhibition. Those Streptomyces spp. producing zones of inhibition also inhibited the growth of R. solani to the greatest degree. All Streptomyces spp. inhibited the growth of R. solani to some degree on EMERSON'S agar and PDA.
To determine antagonism to P. megasperma var. sojae the fungus was placed closer to the streak and incubated longer than R. solani because of its slower growth. On CSSA and PDA S. noursei, S. griseus, and S. hygroscopicus var. geldanus produced wide zones of inhibition (Table 3 ). S. reticuli var. protomycicus also produced a large zone of inhibition on PDA while S. herbaricolor produced a small zone (Table 3) . No zone of inhibition was recorded for SEA because of the poor growth of the pathogen. Those Streptomyces spp. producing zones of inhibition also showed the greatest inhibition of growth. All of the streptomycetes inhibited the growth of P. megasperma to some degree on CSSA.
On SEA only S. hygroscopicus var. geldanus and S. griseus significantly inhibited growth of the pathogen (P=0.01).
The presence and size of the zones of inhibition were used as criteria for the production of antibiotics by the various Streptomyces spp. There was a close relationship between the production of antibiotics as reported in the literature and our own data (Tables 1, 2 planted, only S. cellulosae, a non-producer gave significant disease control (P=0.05) ( Table 4 ). The DSI was 3.40 for S. cellulosae infested soil and 3.98 in the absence of streptomycetes.
When the 10
Streptomyces spp. were incubated separately in soil 7 days prior to adding the pathogen and planting, only S. hygroscopicus var. geldanus reduced the disease on peas significantly, (P=0.01) from a DSI 4.10 to 1.55 (Table 4 ). In the same experiments S. cellulosae did not decrease the disease.
The streptomycetes controlling Phytophthora root rot were more variable between experiments as was disease severity. When soil was infested at the same time with both the antagonist and pathogen, S. herbaricolor, S. coeruleofuscus, S. phaeochromogenes, and S. reticuli significantly reduced disease (P= 0.01) ( Table 5 ). S. herbaricolor and S. coeruleofuscus were the most consistent at controlling disease.
More species inhibited Phytophthora root rot than Rhizoctonia root rot. Incubation of the Streptomyces for 7 days prior to infesting the soil with Phytophthora resulted in significant disease control by S. coeruleofuscus, S. cellulosae, S. herbaricolor, S. violaceoruber, and S. kitazawaensis (P=0.01) ( Table 5 ). The zone of inhibition on corn steep-soybean agar was calculated from two replicates. Streptomyces that have been reported to produce an antifungal antibiotic greatly inhibited fungal growth and caused relatively large zones of inhibition to at least one of the pathogens. Though S. kitazawaensis had no activity against the two pathogens used, it did inhibit a species of Colletotrichum.
The inhibition of growth by the remaining species that had not previously been reported to make antifungal compounds could be attributed either to the synthesis of very low concentration of antibiotics or the effect of some other factors limiting the growth of the two fungi.
The data in Tables 2 and 3 also illustrate the importance of nutrients in the synthesis of antibiotics.
Soil extract agar supported only moderate growth and caused few zones of inhibition and little inhibition of growth. This is in sharp contrast to the large amount of inhibition produced on the "rich" media, EMERSON'S agar, CSSA, and PDA.
This data support the results of our previous studies indicating that in soil Streptomyces spp. did not produce antibiotics unless either some plant products were added to soil, the soil sterilized or both. A few of the Streptomyces spp. gave significant reduction of the two diseases (Tables 4 and 5 ).
No obvious relationship was found between the ability of a species to reduce disease and its reported antibiotic activity or antagonism in vitro. Proponents of antibiotic production playing a role in antagonism in soil have suggested that antibiotic production may play a significant role in antagonism at the microhabitat level and thus not be present in sufficient levels for detection. Our data suggest that those Streptomyces spp. which produce antibiotics in vitro show no greater antagonism in soil than those which fail to produce antibiotics suggesting that antibiotics don't play a significant role in antagonism.
Situations in which both occur such as when S. hygroscopicus var. geldanus was incubated in soil prior to adding R. solani and the inhibition of the fungus on media are probably fortuitous. The use of previously sterilized soil would have favored antibiotic production in soil and thus the role of antibiotic production in antagonism should have been exhibited if it occurred.
The ecological significance of antibiotic producing ability is still uncertain but it appears to play no significant role in antagonism.
